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TITLE OF THE INVENTION 

Optical Fiber, Dispersion Compensator, and Optical 
Transmission System 
RELATED APPLICATIONS 
5 This is a Continuation-In-Part application of U.S. 

Patent application serial No. 10/347,417 filed on January 
21, 2003, now pending. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

10 The present invention relates to an optical fiber which 

can compensate for dispersion, a dispersion compensator, 
and an optical transmission system including the dispersion 
compensator . 
Related Background Art 

15 Conventionally, dispersion compensators for 

compensating for chromatic dispersion of signal light 
occurring in optical fiber transmission lines have a typical 
housing size of 230 mm x 230 mm * 40 mm, thus occupying a 
very large volume in optical transmission systems. This 

20 results from the fact that it is necessary for main line 

long-haul, large-volume transmission systems to compensate 
for large chromatic dispersion, whereby a 
dispersion-compensating optical fiber employed for a 
dispersion compensator may have a length of ten-odd 

25 kilometers, whereas it is also important to control the 

dispersion slope for compensating for chromatic dispersion 
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over a wide band, and so forth. For example, Japanese Patent 
Application Laid-Open No. HE I 10-123342 uses a 
dispersion-compensating optical fiber having a chromatic 
dispersion of -100 ps/nm/km as a characteristic at a 
wavelength of 1.55 ]iin. 
SUMMARY OF THE INVENTION 

The inventors studied the conventional technique 
mentioned above and, as a result, have found the following 
problem. 

Namely, though the above-mentioned Japanese Patent 
Application Laid-Open No. HE I 10-123342 attempts to increase 
the absolute value of chromatic dispersion while compensating 
for dispersion slope, the absolute value of chromatic 
dispersion is only about 100 ps/nm/km, so that the fiber 
length increases as mentioned above in order to compensate 
for chromatic dispersion having a large absolute value . Also, 
the dispersion-compensating optical fiber becomes more 
susceptible to bending (thus increasing its bending loss) , 
whereby a small distortion tends to increase the transmission 
loss on the longer wavelength side. Therefore, making the 
winding diameter of the dispersion-compensating optical 
fiber smaller so as to reduce the size of a dispersion 
compensator (a case for accommodating the same) increases 
the transmission loss. 

However, it is not necessary for a system carrying out 
optical transmissions over a relatively short distance to 
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take account of the dispersion slope compensation mentioned 
above . Therefore, unless the dispersion slope compensation 
is taken into consideration, a dispersion-compensating 
optical fiber having a relatively large absolute value of 
5 chromatic dispersion can be employed as well. Though 

Japanese Patent Application Laid-Open No. HE I 10-115727 
discloses a compacting technique by thinning the diameter 
of dispersion-compensating optical fiber, this technique 
does not pay attention to optical characteristics (the 
10 absolute value of chromatic dispersion in particular) of 

the dispersion-compensating optical fiber. The 
above-mentioned conventional technique has such a large 
dispersion slope that chromatic dispersion greatly varies 
among signal channels in use, chromatic dispersion on the 
15 same order can be obtained over a wider wavelength band when 

the dispersion slope is made smaller (fluctuations in the 
dispersion value can be lowered over a wider wavelength band) . 

In order to overcome the problem mentioned above, it 
is an object of the present invention to provide a compact 
20 dispersion compensator, an optical transmission system 

including the same, and an optical fiber for realizing a 
further compactness in the dispersion compensator. 

For achieving the above-mentioned object, the 
dispersion compensator according to the present invention 
25 comprises an optical component having a predetermined 

accumulated chromatic dispersion and a housing for 
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accommodating the optical component. 

In the dispersion compensator, when the optical 
component realizes an accumulated chromatic dispersion of 
-1200 ps/nm or more but less than -600 ps/nm as a dispersion 
5 characteristic at a wavelength of 1.55 urn, the housing has 

a volume of 500 cm 3 or less. Preferably, the housing has 
an outer size (long x wide x high) of 170 mm or less * 170 
mm or less * 17 mm or less. An insertion loss at the the 
wavelength of 1.55 urn is preferably 5.9 dB or less. 
10 In the dispersion compensator according to the present 

invention, when the optical component realizes an accumulated 
chromatic dispersion of -600 ps/nm or more but less than 
0 ps/nm as a dispersion characteristic at a wavelength of 
1.55 ym, the housing has a volume of 310 cm 3 or less. 
15 Preferably, in this case, the housing has an outer size (long 

x wide x high) of 130 mm or less x 130 mm or less x 17 mm 
or less. An insertion loss at the wavelength of 1.55 ym is 
preferably 3.9 dB or less. 

In the dispersion compensator according to the present 
20 invention, when the optical component realizes an accumulated 

chromatic dispersion of -300 ps/nm or more but less than 
0 ps/nm as a dispersion characteristic at a wavelength of 
1.55 ym, the housing has a volume of 260 cm 3 or less. 
Preferably, in this case, the housing has an outer size (long 
25 x wide x high) of 120 mm or less x 120 mm or less x 18 mm 

or less. An insertion loss at the wavelength of 1.55 ym is 
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preferably 3.5 dB or less, further 2.9 dB or less. 

In the dispersion compensator according to the present 
invention, when the optical component realizes an accumulated 
chromatic dispersion of -180 ps/nm or more but less than 
0 ps/nm as a dispersion characteristic at a wavelength of 
1.55 ym, the housing has a volume of 200 cm 3 or less. 
Preferably, in this case, the housing has an outer size (long 
x wide x high) of 100 mm or less x 100 mm or less * 18 mm 
or less. An insertion loss at the wavelength of 1.55 ym is 
preferably 2.5 dB or less, further 2.4 dB or less. 

In the dispersion compensator according to the present 
invention, the optical component realizes an accumulated 
chromatic dispersion of -80 ps/nm or more but less than 0 
ps/nm as a dispersion characteristic at a wavelength of 1 . 55 
ym, the housing has a volume of 140 cm 3 or less. Preferably, 
in this case, the housing has an outer size (long x wide 
x high) of 100 mm or less x 100 mm or less x 14 mm or less. 
An insertion loss at the wavelength of 1.55 ym is preferably 
2.2 dB or less. 

In a dispersion compensator without limiting the above 
dispersion compensator realizing an accumulated chromatic 
dispersion of -1, 200 ps/nm or more but 0 ps/nm or less, or 
the dispersion compensator realizing an accumulated 
chromatic dispersion of less than -1,200 ps/nm, the volume 
V (cm 3 ) of the housing and the accumulated chromatic 
dispersion AD (ps/nm) of the optical component preferably 
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satisfy the following relationship: 
V ^ -0.31 x AD + 120 . 

Also, the insertion loss IL (dB) at the wavelength of 
1.55 ym and the accumulated chromatic dispersion AD (ps/nm) 
5 of the optical component preferably satisfy the following 

relationship : 

IL ^ -0.0033 x AD + 1.9 . 

The optical component may include a 
dispersion-compensating optical fiber having a chromatic 

10 dispersion of -140 ps/nm/km or less at a wavelength of 1.55 

jam, and it also can be constituted by a combination of other 
optical components. For example, a combination, which 
comprises a chirped grating which reflects a plurality of 
signal channels in a signal wavelength band at the respective 

15 different positions and a tree-terminal circulator having 

a first terminal for capturing signal light of the plurality 
of signal channels, a second terminal connected to the chirped 
grating and a third terminal for outputting the reflected 
light from the chirped grating, can generate a desirable 

20 accumulated chromatic dispersion. Also, in view of the 

environment in which the dispersion compensator is placed 
and the like, the housing has a height of preferably 10 mm 
or less, more preferably 6 mm or less. 

Preferably, the dispersion-compensating optical fiber, 

25 which is applicable to the optical component, comprises a 

core region extending along a predetermined axis, a cladding 
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region provided on an outer periphery of the core region, 
and a coating layer cons titutedby a single layer or a plurality 
of layers provided on an outer periphery of the cladding 
region, whereas the coating layer has an outer diameter of 
5 185 \im or less, preferably 145 \im or less, more preferably 

125 ym or less. 

Preferably, for making it possible to be stored at a 
smaller diameter and shorten the length, the 
dispersion-compensating optical fiber has a chromatic 

10 dispersion of -220 ps/nm/km or less at a wavelength of 1.55 

pm. Preferably, in this case, the dispersion-compensating 
optical fiber is wound like a coil, and is accommodated in 
the housing while maintaining this coil form. Preferably, 
the dispersion-compensating optical fiber maintains the coil 

15 form with the aid of a resin. 

For making the dispersion compensator compact, the 
dispersion-compensating optical fiber wound within the 
housing has a winding inner diameter of preferably 60 mm 
or less, more preferably 50 mm or less. 

20 A dispersion compensator having the structure 

mentioned above (dispersion compensator according to the 
present invention) can be employed in an optical transmission 
system such as a wavelength division multiplexing system 
for transmitting a plurality of channels of signal light 

25 having wavelengths different from each other. Such an 

optical transmission system (optical transmission system 
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according to the present invention) comprises a transmitter 
for transmitting signal light, a transmission optical fiber 
through which multiplexed signal light propagates, the 
above-mentioned dispersion compensator, and a receiver for 
5 receiving the signal light . The optical transmission system 

according to the present invention is effective for optical 
communications in the band of 1.55 pm, particularly in the 
case where the length of the transmission optical fiber (the 
span length corresponding to a repeating section) is 50 km 

10 or less. 

The dispersion compensator having the structure 
mentioned above can attain a further compactness when an 
optical fiber such as a dispersion-compensating optical fiber 
employed therein is designed so as to be able to have a smaller 

15 diameter and a shorter length. 

Specifically, the optical fiber according to the 
present invention has, as characteristics at a wavelength 
of 1550 nm, a chromatic dispersion of -150 ps/nm/km or less, 
preferably -200 ps/nm/km or less, a bending loss of 0 . 1 dB/km 

20 or less, preferably 0.01 dB/km or less, in a state wound 

at a diameter of 60 mm. In this case, the optical fiber 
preferably has a dispersion slope with an absolute value 
of 0.4 ps/nm 2 /km or less as a characteristic at a wavelength 
of 1550 nm, and preferably has an effective area of 20 \im 2 

25 or less as a characteristic at a wavelength of 1550 nm. 

The optical fiber according to the present invention 
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may have, as characteristics at a wavelength of 1550 nm, 
a chromatic dispersion of -150 ps/nm/km or less, preferably 
-200 ps/nm/km or less, a dispersion loss with an absolute 
value of 0.4 ps/nm 2 /km or less, and an effective area of 20 
5 ym 2 or less. In this case, the optical fiber may have, as 

characteristics at a wavelength of 1550 nm, a bending loss 
of 0.1 dB/km or less, preferably 0.01 dB/km or less, in a 
state wound at a diameter of 60 mm. 

The optical fiber according to the present invention 
10 has, as a characteristic at a wavelength of 1550 nm, a bending 

loss of 0.1 dB/km or less, preferably 0.01 dB/km or less, 
in a state wound at a diameter of 40 mm. The optical fiber 
according to the present invention has a cutoff wavelength 
of 1 . 2 ]jm to 2 . 0 pm, preferably 1 . 4 ym to 2 . 0 yin, more preferably 
15 1 . 55 urn to 2 . 0 urn. 

Preferably, the optical fiber according to the present 
invention has a triple cladding type refractive index profile 
in order to allow it to make the dispersion compensator 
sufficiently compact when employed therein. 
20 Specifically, the optical fiber according to this 

aspect of the present invention comprises a center core part 
extending along a predetermined axis and having a 
predetermined maximum refractive index; a first cladding 
part, provided on an outer periphery of the center core part, 
25 having a refractive index lower than that of the center core 

part; a second cladding part, provided on an outer periphery 
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of the first cladding part , having a refractive index higher 
than that of the first cladding part; and a third cladding 
part, provided on an outer periphery of the second cladding 
part, having a refractive index lower than that of the second 
5 cladding part. 

Preferably, the center core part has a relative 
refractive index difference of 2.0% to 4.0% with reference 
to the refractive index of the third cladding part, and the 
first cladding part has a relative refractive index 
10 difference of -0 . 9% to -0.2% with reference to the refractive 

index of the third cladding part. Preferably, the second 
cladding part has a relative refractive index difference 
of 0.2% to 0.9% with reference to the refractive index of 
the third cladding part, and the optical fiber satisfies 
15 the following conditions: 

0.19 ^ a/c < 0.4, and 
0.4 ^ b/c ^ 0.8 
where a is the outer radius of the center core region, b 
is the outer radius of the first cladding part, and c is 
20 the outer radius of the second cladding part. 

When the outer diameter of the second cladding part 
changes by ±2%, the change in chromatic dispersion of the 
optical fiber according to the present invention at a 
wavelength of 1550 nm is preferably ±12% or less, more 
25 preferably ±6% or less. 

A dispersion compensator having an accumulated 
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chromatic dispersion of -390 to 0 ps/nm at a wavelength of 
1.55 ym and an outer size (long L x wide W * high H) of 110 
mm or less x 110 mm or less x 18 mm or less is obtained when 
an optical fiber comprising the structure mentioned above 
(optical fiber according to the present invention) is 
employed, whereas a dispersion compensator having an 
accumulated chromatic dispersion of -640 to 0 ps/nm at a 
wave l eng th of 1.55 urn and an outer size (long L x wide W 
x high H) of 110 mm or less x 110 mm or less x 18 mm or less 
is obtained when the above-mentioned optical fiber having 
a coating layer with an outer diameter of 145 pm or less 
is employed. Employing an optical fiber having the 
above-mentioned structure (optical fiber according to the 
present invention) makes it possible to yield a dispersion 
compensator having an accumulated chromatic dispersion of 
-270 to 0 ps/nm at a wavelength of 1.55 pi and an outer size 
(long L x wide W x high H) of 110 mm or less x 110 mm or 
less x 14 mm or less, whereas employing a 
dispersion-compensating optical fiber having a coating layer 
with an outer diameter of 145 ym or less can yield a dispersion 
compensator having an accumulated chromatic dispersion of 
-440 to 0 ps/nm at a wavelength of 1.55 ym and an outer size 
(long L x wide W * high H) of 110 mm or less x 110 mm or 
less x 14 mm or less, thus enabling a further compactness. 
The housing of the dispersion compensator may have a thin 
sheet-like form with a height of about 5 mm. 
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The present invention will be more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings, which are given by way of illustration 
only and are not to be considered as limiting the present 
invention . 

Further scope of applicability of the present invention 
will become apparent from the detailed description given 
hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way 
of illustration only, since various changes and modi f ications 
within the spirit and scope of the invention will be apparent 
to those skilled in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing the configuration 
of a first embodiment of the dispersion compensator according 
to the present invention; 

Fig. 2 is a plan view showing the configuration of the 
first embodiment of the dispersion compensator according 
to the present invention (in a state having its lid removed) ; 

Fig. 3 is a sectional view showing the configuration 
of a second embodiment of the dispersion compensator 
according to the present invention; 

Fig. 4 is a plan view showing the configuration of the 
second embodiment of the dispersion compensator according 
to the present invention (in a state having its lid removed) ; 
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Fig. 5 is a sectional view showing the configuration 
of a third embodiment of the dispersion compensator according 
to the present invention; 

Fig. 6 is a plan view showing the configuration of the 
5 third embodiment of the dispersion compensator according 

to the present invention (in a state having its lid removed) ; 

Fig. 7 is a table for explaining optical fibers of types 
No . 1 to No . 4 prepared as examples of a 
dispersion-compensating optical fiber employable in the 
10 dispersion compensator according to the present invention; 

Figs. 8A and 8B are a sectional view showing the 
structure of a dispersion-compensating optical fiber 
belonging to typeNo. 1 and a refractive indexprof ile thereof, 
respectively; 

15 Figs. 9A and 9B are a sectional view showing the 

structure of a dispersion-compensating optical fiber 
belonging to type No. 2 or 3 and a refractive index profile 
thereof, respectively; 

Fig. 10 is atable for explaining characteristics, outer 

20 sizes, and the like of Samples 1 to 19 prepared as examples 

of the dispersion compensator according to the present 
invention; 

Figs. 11A and 11B are graphs respectively showing the 
relationship between the housing volume V (cm 3 ) and the 
25 accumulated chromatic dispersion AD (ps/nm) , and the 

relationship between the insertion loss IL (dB) and the 
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accumulated chromatic dispersion AD (ps/nm) , regarding to 
Samples 1 to 19; 

Figs. 12A and 12B are views showing respective 
configurations of a first embodiment of the optical 
5 transmission system according to the present invention; 

Figs. 13A and 13B are views showing respective 
configurations of a second embodiment of the optical 
transmission system according to the present invention; 

Fig. 14 is a view showing the configuration of a third 
10 embodiment of the optical transmission system according to 

the present invention; 

Fig. 15 is a table for explaining structures and 
characteristics of optical fibers of types No. 5 to No . 11 
prepared as examples of a dispersion-compensating optical 
15 fiber (dispersion-compensating optical fiber according to 

the present invention) employable in the dispersion 
compensator according to the present invention; 

Fig. 16 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the optical 
20 fiber of type No. 5; 

Fig. 17 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the optical 
fiber of type No. 6; 

Fig. 18 is a graph showing relationships between the 
25 chromatic dispersion and dispersion slope in the optical 

fiber of type No. 7; 
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Fig. 19 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the optical 
fiber of type No. 8; 

Fig. 20 is a graph showing relationships between the 
5 chromatic dispersion and dispersion slope in the optical 

fiber of type No. 9; 

Fig. 21 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the optical 
fiber of type No. 10; and 
10 Fig. 22 is a graph showing relationships between the 

chromatic dispersion and dispersion slope in the optical 
fiber of type No. 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, embodiments of the dispersion 

15 compensator, optical transmission system, and optical fiber 

will be explained in detail with reference to Figs. 1 to 
7, 8Ato9B, 10, HAtol3B, and 14 to 22 . In the explanation 
of the drawings, constituents identical to each other or 
those having functions identical to each other will be 

20 referred to with numerals identical to each other without 

repeating their overlapping descriptions. Also, in the 
specification, embodiments to which a 

dispersion-compensating optical fiber is applied as a typical 
example of an optical component are explained. 

25 First, Fig. 1 is a sectional view showing the 

configuration of a first embodiment of the dispersion 
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compensator according to the present invention, whereas Fig. 
2 is a plan view thereof (in a state having removed its lid) . 

The dispersion compensator M according to the first 
embodiment comprises a housing 1 and an optical fiber coil 
5 11 accommodated in the housing 1. The housing 1 includes 

a lid 3 for tightly closing the housing 1, a square outer 
container 5, and a doughnut-shaped inner container 7. The 
inner container 7 has an inner wall part 7a, an outer wall 
part 7b, and a bottom part 7c. Each of the inner wall part 

10 7a and the outer wall part 7b has a circular form. 

The optical fiber coil 11 has a coiled part 11a 
constitutedby a dispersion-compensating optical fiber (DCF) 
wound like a coil while being in a bundle state with its 
winding distortion substantially eliminated. Both ends of 

15 the dispersion-compensating optical fiber constituting the 

optical fiber coil 11 are connected to respective ends of 
pigtail fibers 13 by fusion-spliced parts 15. Each pigtail 
fiber 13 is drawn out of the inner container 7 by way of 
a cutout formed at the outer wall part 7b. Further, the 

20 pigtail fiber 13 is drawn out of the housing 1 by way of 

a cutout formed in the outer container 5, whereas the other 
end is connected to an optical connector 130. Preferably, 
the cutout formed at the outer wall part 7b is set to such 
a size that a resin 21 does not flow out of the inner container 

25 7. 

Here, the state in which the winding distortion is 
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substantially eliminated indicates a state where the increase 
in loss caused by the winding distortion is substantially 
released in the wavelength band in use, and specifically 
refers to a state where the increase in transmission loss 
caused by the winding in the wavelength band of 1.62 pm is 
lowered by at least 0.1 dB/km. This dispersion-compensating 
optical fiber is wound about a bobbin acting as a center 
drum and then is removed therefrom, so as to be formed like 
a coil (optical fiber coil 11) . This is because of the fact 
that the increase in transmission loss of the 
dispersion-compensating optical fiber in a state removed 
from the bobbin and raveled out is substantially eliminated 
as disclosed in Japanese Patent Application Laid-Open No. 
HE I 10-123342, and the transmission loss causedby the winding 
distortion is eliminated when the latter disappears. 

The inner container 7 of the housing 1 is filled with 
the resin 21 such that the coiled part 11a of the optical 
fiber coil 11 is surrounded therewith, whereby the coiled 
part 11a of the optical fiber coil 11 is held by the resin 
21. Preferably, the resin 21 also enters interstices in a 
bundle of the dispersion-compensating optical fiber 
constituting the coiled part 11a of the optical fiber coil 
11. 

Usable as the resin 21 are silicone resins having a 
thermosetting, moisture-curing, or UV-curing property or 
the like which cure upon a chemical reaction, highly viscous 
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jelly-like admixtures in which rubbers such as butadiene 
and silicone are swelled with solvents such as silicone and 
naphthene optionally doped with other resins and the like 
when necessary, and the like. 

Preferably, the optical fiber coil 11 is secured within 
the cured resin 21 at a position not in contact with the 
side wall parts 7a, 7b of the inner container 7. When the 
optical fiber coil 11 is thus secured within the cured resin 
21 while in a state not in contact with the side wall parts 
7a, 7b of the inner container 7, the dispersion-compensating 
optical fiber constituting the optical fiber coil 11 and 
the side wall parts 7a, 7b can reliably be restrained from 
coming into contact with each other. 

Preferably, the cured resin 21 is a material whose 1/4 
consistency (using a 1/4 cone) falls within the range of 
5 to 200 in the whole measurement temperature range of -20°C 
to 70°C. When the resin 21 is caused to have the physical 
property mentioned above, it can further prevent external 
forces from being applied to the optical fiber. If the 1/4 
consistency of the resin 21 is less than 5 in this case, 
the loss on the longer wavelength side of the optical fiber 
(optical fiber coil 11) becomes so large that it is unsuitable 
for practical use. When the 1/4 consistency exceeds 200, 
by contrast, the optical fiber coil 11 cannot be held by 
the resin 21, so that the coiled state may collapse while 
in use, and so forth, whereby transmission characteristics 
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may not be kept constant. In the specification, "1/4 
consistency" is defined by JIS K 2220-1993 . Also, "1/4 cone" 
is defined by JIS K 2220-1993. 

The form of the housing 1 is not restricted to that 
mentioned above. For example, as shown in Figs. 3 and 4, 
a doughnut-shaped container may also be employed as the 
housing 1 (second embodiment) . In this case, the housing 
1 has a container 9, which includes an inner wall part 9a, 
an outer wall part 9b, and a bottom part 9c, whereas each 
of the inner wall part 9a and outer wall part 9b exhibits 
a circular form. Each pigtail fiber 13 is inserted into a 
rubber tube 23 secured to a cutout formed in the outer wall 
part 9b, so as to be drawn out of the housing 1. The rubber 
tube 23 functions to prevent the resin 21 from leaking out 
of the container 9. Here, Fig. 3 is a sectional view showing 
the configuration of the second embodiment of the dispersion 
compensator according to the present invention, whereas Fig. 
4 is its plan view (in a state having its lid removed) . 

Further, it is not always necessary for the optical 
fiber coil 11 to be removed from the bobbin, whereas the 
dispersion-compensating optical fiber may be accommodated 
in the housing 1 while in a state wound about the bobbin 
17 as shown in Figs. 5 and 6 (third embodiment) . In this 
case, the housing 1 may have either a square or circular 
form. Also, a part of the bobbin 17 may be configured so 
as to become the housing 1 . 
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Not only the above-mentioned resin 21, but also 
elastically deformable cushioning materials such as sponge 
may be used as means for keeping the form of optical fiber 
coil 11. 

5 Dispersion-compensating optical fibers employable in 

the dispersion compensator according to the present invention 
will now be explained. Here, four types of 

dispersion-compensating optical fibers No. 1 to 4 are used 
as shown in Fig. 7. 

10 Type No. lis represented by an optical fiber 100 having 

a refractive index profile of double cladding structure as 
shown in Figs. 8A and 8B, whereas types No. 2, No. 3 and 
No. 4 are represented by an optical fiber 200 having a 
refractive indexprof ile of triple cladding structure (triple 

15 cladding type refractive index profile) shown in Figs. 9A 

and 9B. 

Fig. 8A is a view showing a cross-sectional structure 
of the optical fiber 100 of type No. 1, whereas Fig. 8B is 
its refractive index prof ile . In particular, Fig. 8A shows 

20 a cross section of the optical fiber 100 orthogonal to its 

optical axis, whereas Fig. 8B is a refractive index profile 
150 showing the refractive index of individual glass regions 
along a line LI in Fig. 8A. The optical fiber 100 comprises 
a center core part 111 extending along the optical axis and 

25 having an outer diameter 2a; a first cladding part 112 

surrounding the center core part 111 and having an outer 
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diameter 2b; a second cladding part 113 surrounding the first 
cladding part 112; and a coating layer 120 surrounding the 
second cladding part 113 and having an outer diameter 2d. 

The center core part 111 to the second cladding part 
5 113 are mainly composed of silica glass (Si0 2 ) , whereas at 

least the center core part 111 and first cladding part 112 
are doped with impurities for refractive index adjustment. 
The refractive index profile 150 is obtained, for example, 
when the center core part 111 is constituted by silica glass 
10 doped with Ge0 2 , the first cladding part 112 is constituted 

by silica glass doped with F, and the second cladding part 
113 is constituted by pure silica. The maximum refractive 
index nl of the center core part 111 is set higher than the 
refractive index n3 of the second cladding part 113, whereas 
15 the refractive index n2 of the first cladding part 112 is 

set lower than the refractive index n3 of the second cladding 
part 113. Here, the area corresponding to the center core 
part 111 in the refractive index profile 150 is substantially 
shaped like a dome, so that the refractive index decreases 
20 from the optical axis center toward the periphery. 

The refractive index profile 150 shown in Fig. 8B 
illustrates the refractive index of individual parts along 
the line LI in Fig. 8A, such that areas 151, 152, and 153 
indicate refractive indices on the line LI of the center 
25 core part 111, first cladding part 112, and second cladding 

part 113, respectively. The relative refractive index 
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difference Al of the center core part 111 (having the 
refractive index nl) with reference to the second cladding 
part 113 (having the refractive index n3) is given by (nl 
- n3)/n3, whereas the relative refractive index difference 
5 A2 of the first cladding part 112 (having the refractive 

index n2) with reference to the second cladding part 113 
(having the refractive index n3) is given by (n2 - n3)/n3. 

Fig. 9A is a view showing a cross-sectional structure 
of the optical fiber 20 0 of type No. 2, No. 3 or No. 4, whereas 
10 Fig. 9B is its refractive index prof ile . In particular , Fig. 

9A shows a cross section of the optical fiber 200 orthogonal 
to its optical axis, whereas Fig. 9B is a refractive index 
profile 250 showing the refractive index of individual glass 
regions along a line L2 in Fig. 9A. The optical fiber 200 
15 comprises a center core part 211 extending along the optical 

axis and having an outer diameter 2a; a first cladding part 
212 surrounding the center core part 211 and having an outer 
diameter 2b; a second cladding part 213 surrounding the first 
cladding part 212 and having an outer diameter 2c; a third 
20 cladding part 214 surrounding the second cladding part 213; 

and a coating layer 22 0 surrounding the third cladding part 
214 and having an outer diameter 2d. 

The center core part 211 to the third cladding part 
214 are mainly composed of silica glass (Si0 2 ) , whereas at 
25 least the center core part 211, first cladding part 212, 

and second cladding part 213 are doped with impurities for 
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refractive index adjustment. The refractive index profile 
250 is obtained, for example, when the center core part 211 
is constituted by silica glass doped with Ge0 2 , the first 
cladding part 212 is constituted by silica glass doped with 
5 F, the second cladding part 213 is constituted by silica 

glass doped with Ge0 2 , and the third cladding part 214 is 
constituted by pure silica. The maximum refractive index 
nl of the center core part 211 is set higher than the refractive 
indexn4 of the third claddingpart 214, whereas the refractive 

10 index n2 of the first cladding part 212 is set lower than 

the refractive index n4 of the third cladding part 214. The 
refractive index n3 of the second cladding part 213 is set 
lower than the refractive index nl of the center core part 
211 but higher than the refractive index n4 of the third 

15 claddingpart 214 . Here, the area corresponding to the center 

core part 211 in the refractive index profile 250 is 
substantially shaped like a dome, so that the refractive 
index decreases from the optical axis center toward the 
periphery. 

20 The refractive index profile 250 shown in Fig. 9B 

illustrates the refractive index of individual parts along 
the line L2 in Fig. 9A, such that areas 251, 252, 253, and 
254 indicate refractive indices on the line L2 of the center 
core part 211, firs t cladding part 2 12 , second cladding part 

25 213, and third claddingpart 214 , respectively. The relative 

refractive index difference Al of the center core part 211 
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(having the refractive index nl) with reference to the third 
cladding part 214 (having the refractive index n4 ) is given 
by (nl - n4)/n4, the relative refractive index difference 
A2 of the first cladding part 212 (having the refractive 
5 index n2) with reference to the third cladding part 2 13 (having 

the refractive index n4) is given by (n2 - n4)/n4, and the 
relative refractive index difference A3 of the second 
cladding part 213 (having the refractive index n3) with 
reference to the third cladding part 214 (having the 

10 refractive index n4 ) is given by (n3 - n4)/n4. 

The optical fiber of type No. 1 is a 
dispersion-compensating optical fiber having a double 
cladding structure shown in Figs. 8A and 8B, in which the 
outer diameter 2a of the center core part 111 is 2.5 }jm, 

15 whereas the outer diameter 2b of the first cladding part 

112 is 6.2 vim. With reference to the refractive index n3 
of the second cladding part 113, the relative refractive 
index difference Al of the center core part 111 is 3.0%, 
and the relative refractive index difference A2 of the first 

20 cladding part 112 is -0.35%. 

The dispersion-compensating optical fiber of type No. 
1 has, as characteristics at a wavelength of 1.55 ym, a 
chromatic dispersion of -147 ps/nm/km, a dispersion slope 
of -0.120 ps/nm 2 /km, a mode field diameter (MFD) of 4.3 pm, 

25 a bending loss of 8.69 dB/km in a state bent at a diameter 

of 40 mm, and a bending loss of 0.02 dB/km in a state bent 
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at a diameter of 60 mm. In this type, the effective cutoff 
wavelength (cutoff wavelength in the LPn mode in a state 
where the optical fiber having a length of 2 m is loosely 
wound by one turn at a radius of 140 mm) is 0.71 ym. 
5 The optical fiber of type No. 2 is a 

dispersion-compensating optical fiber having a triple 
cladding structure shown in Figs. 9A and 9B, in which the 
outer diameter 2a of the center core part 211 is 3.4 jam, 
the outer diameter 2b of the first cladding part 212 is 7.4 

10 \im, and the outer diameter 2c of the second cladding part 

213 is 15.4 jjm. With reference to the refractive index n4 
of the third cladding part 214, the relative refractive index 
difference Al of the center core part 211 is 2 . 4%, the relative 
refractive index difference A2 of the first cladding part 

15 212 is -0.72%, and the relative refractive index difference 

A3 of the second cladding part 213 is 0.30%. 

The dispersion-compensating optical fiber of type No. 
2 has, as characteristics at a wavelength of 1.55 jam, a 
chromatic dispersion of -242 ps/nm/km, a dispersion slope 

20 of -0.655 ps/nm 2 /km, a mode field diameter (MFD) of 4.5 jam, 

a bending loss of 0.06 dB/km in a state bent at a diameter 
of 40 mm, and a bending loss of less than 0.001 dB/km in 
a statebent at a diameter of 60mm. In this type, the effective 
cutoff wavelength is 1.65 ym. 

25 The optical fiber of type No. 3 is also a 

dispersion-compensating optical fiber having a triple 
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cladding structure shown in Figs. 9A and 9B, in which the 
outer diameter 2a of the center core part 211 is 2.8 ym, 
the outer diameter 2b of the first cladding part 212 is 7 . 0 
Vim, and the outer diameter 2c of the second cladding part 
5 213 is 14.0 ]am. With reference to the refractive index n4 

of the third cladding part 214, the relative refractive index 
difference Al of the center core part 211 is 3.0%, the relative 
refractive index difference A2 of the first cladding part 
212 is -0.72%, and the relative refractive index difference 

10 A3 of the second cladding part 213 is 0.30%. 

The dispersion-compensating optical fiber of type No. 
3 has, as characteristics at a wavelength of 1.55 ym, a 
chromatic dispersion of -320 ps/nm/km, a dispersion slope 
of -0.595 ps/nm 2 /km, a mode field diameter (MFD) of 4.2 ym, 

15 a bending loss of 0.44 dB/km in a state bent at a diameter 

of 40 mm, and a bending loss of less than 0.001 dB/km in 
a state bent at a diameter of 60 mm. In this type, the effective 
cutoff wavelength is 1.47 ym. 

The optical fiber of type No. 4 is also a 

20 dispersion-compensating optical fiber having a triple 

cladding structure shown in Figs. 9A and 9B, in which the 
outer diameter 2a of the center core part 211 is 2.72 ym, 
the outer diameter 2b of the first cladding part 212 is 7.3 
ym, and the outer diameter 2c of the second cladding part 

25 213 is 14.3 ym. With reference to the refractive index n4 

of the third cladding part 214, the relative refractive index 
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difference Al of the center core part 211 is 2 .7%, the relative 
refractive index difference A2 of the first cladding part 
212 is -0.76%, and the relative refractive index difference 
A3 of the second cladding part 213 is 0.31%. 
5 The dispersion-compensating optical fiber of type No. 

4 has, as characteristics at a wavelength of 1.55 ]im f a 
chromatic dispersion of -329 ps/nm/km, a dispersion slope 
of -0.582 ps/nm 2 /km, a mode field diameter (MFD) of 4.2 yuri, 
a bending loss of 0.11 dB/km in a state bent at a diameter 

10 of 40 mm, and a bending loss of less than 0.001 dB/km in 

a state bent at a diameter of 60 mm. In this type, the effective 
cutoff wavelength is 1.58 urn. 

A plurality of samples of dispersion compensator M 
employing any of the dispersion-compensating optical fibers 

15 of above-mentioned types No. 1 to No . 4 are prepared, whose 

characteristics, outer sizes, and the like will now be 
explained. Fig. 10 is a table for explaining characteristics, 
outer sizes, and the like of Samples 1 to 19 prepared as 
examples of the dispersion compensator according to the 

20 present invention. 

Sample 1 

The dispersion compensator M of Sample 1 employs a 
dispersion-compensating optical fiber of type No. 1 having 
a length of 2.05 km. The optical fiber coil 11 of type No. 
2 5 1 is wound about a bobbin and then is removed therefrom, 

so as to be accommodated in the housing 1 . The optical fiber 
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coil 11 is molded with the resin 21. In the 

dispersion-compensating optical fiber of type No. 1, the 
second cladding part 113 has an outer diameter (glass 
diameter) of 80 pm, whereas the outer diameter (coat diameter ) 
5 including the coating layer 120 is 120 jam. The resin 21 is 

a silicone gel, which is cured by heating for 2 hours at 
70 °C, so as to hold the optical fiber coil 11. 

The outer diameter of the barrel of the bobbin (the 
bobbin diameter, corresponding to the winding inner diameter 

10 of the coiled dispersion-compensating optical fiber) for 

winding the dispersion-compensating optical fiber is 58 mm, 
the outermost diameter (coil outer diameter) of the optical 
fiber coil 11 in the state wound with type No. 1 is 82 mm, 
and the coil width of the optical fiber coil 11 in the state 

15 wound about the bobbin is 12 mm. The housing 1 prepared has 

an outer size of 102 mm (long L) * 102 mm (wide W) * 17 mm 
(high H) , whereas its volume is 177 cm 3 . The dispersion 
compensator M has a total dispersion value (corresponding 
to accumulated chromatic dispersion) of -300 ps/nm, a total 

20 dispersion slope of -0.25 ps/nm 2 , and an insertion loss of 

3.5 dB. 

Sample 2 

The dispersion compensator M of Sample 2 employs a 
dispersion-compensating optical fiber of type No. 1 having 
25 a length of 4.09 km. As in the above-mentioned Sample 1, 

the optical fiber coil 11 is accommodated in the housing 
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1, and the resin 21 is cured, whereby the optical fiber coil 
11 is held. In Sample 2, the dispersion- compensating optical 
fiber has a glass diameter of 80 jam and a coat diameter of 
120 ijiu. Ithas abobbin diameter of 58mm, a coil outer diameter 
5 of 101 mm, and a coil width of 12 mm. The housing 1 prepared 

has an outer size of 121 mm (long L) x 121 mm (wide W) x 
17 mm (high H) , whereas its volume is 249 cm 3 . The dispersion 
compensator M has an accumulated chromatic dispersion of 
-600 ps/nm, a total dispersion slope of -0.49 ps/nm 2 , and 
10 an insertion loss of 5.2 dB . 

Sample 3 

The dispersion compensator M of Sample 3 employs a 
dispersion-compensating optical fiber of type No. 1 having 
a length of 2.05 km. As in Sample 1, the optical fiber coil 

15 11 is accommodated in the housing 1, and the resin 21 is 

cured, whereby the optical fiber coil 11 is held. In Sample 
3, the dispersion-compensating optical fiber has a glass 
diameter of 90 ym and a coat diameter of 145 ym. It has a 
bobbin diameter of 58 mm, a coil outer diameter of 91 mm, 

20 and a coil width of 12 mm. The housing 1 prepared has an 

outer size of 111 mm (long L) * 111 mm (wide W) x 17 mm (high 
H) , whereas its volume is 209 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -300 ps/nm, 
a total dispersion slope of -0.25 ps/nm 2 , and an insertion 

25 loss of 3.5 dB. 

Sample 4 
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The dispersion compensator M of Sample 4 employs a 
dispersion-compensating optical fiber of type No. 1 having 
a length of 4.09 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
5 cured, whereby the optical fiber coil 11 is held. In Sample 

4, the dispersion-compensating optical fiber has a glass 
diameter of 90 jim and a coat diameter of 145 pm. It has a 
bobbin diameter of 58 mm, a coil outer diameter of 115 mm, 
and a coil width of 12 mm. The housing 1 prepared has an 

10 outer size of 135 mm (long L) * 135 mm (wide W) x 17 mm (high 

H) , whereas its volume is 310 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -600 ps/nm, 
a total dispersion slope of -0.49 ps/nm 2 , and an insertion 
loss of 5.2 dB. 

15 Sample 5 

The dispersion compensator M of Sample 5 employs a 
dispersion-compensating optical fiber of type No. 2 having 
a length of 0.33 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 

20 cured, whereby the optical fiber coil 11 is held. In Sample 

5, the third cladding part 214 in the dispersion-compensating 
optical fiber of type No. 2 has an outer diameter (glass 
diameter) of 125 pm and a coat diameter of 185 \xm. It has 
a bobbin diameter of 40 mm, a coil outer diameter of 54 mm, 

25 and a coil width of 12 mm. The housing 1 prepared has an 

outer size of 74 mm (long L) x 74 mm (wide W) * 17 mm (high 
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H) , whereas its volume is 93 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -80 ps/nm, a 
total dispersion slope of -0 . 22 ps/nm 2 , and an insertion loss 
of 2.2 dB. 

Sample 6 

The dispersion compensator M of Sample 6 employs a 
dispersion-compensating optical fiber of type No. 2 having 
a length of 0.74 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
6, the dispersion-compensating optical fiber has a glass 
diameter of 125 \xm and a coat diameter of 185 jam. It has 
a bobbin diameter of 40 mm, a coil outer diameter of 68 mm, 
and a coil width of 12 mm. The housing 1 prepared has an 
outer size of 88 mm (long L) x 88 mm (wide W) * 17 mm (high 
H) , whereas its volume is 132 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -180 ps/nm, 
a total dispersion slope of -0.49 ps/nm 2 , and an insertion 
loss of 2.5 dB. 
Sample 7 

The dispersion compensator M of Sample 7 employs a 
dispersion-compensating optical fiber of type No. 2 having 
a length of 1.24 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
7, the dispersion-compensating optical fiber has a glass 
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diameter of 125 ym and a coat diameter of 185 ym. It has 
a bobbin diameter of 40 mm, a coil outer diameter of 81 mm, 
and a coil width of 12 mm. The housing 1 prepared has an 
outer size of 101 mm (long L) * 101 mm (wide W) * 17 mm (high 
5 H) , whereas its volume is 173 cm 3 . The dispersion compensator 

M has an accumulated chromatic dispersion of -300 ps/nm, 
a total dispersion slope of -0.81 ps/nm 2 , and an insertion 
loss of 2.9 dB. 
Sample 8 

lo The dispersion compensator M of Sample 8 employs a 

dispersion-compensating optical fiber of type No. 2 having 
a length of 2.48 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 

15 8, the dispersion-compensating optical fiber has a glass 

diameter of 125 ym and a coat diameter of 185 ym. It has 
a bobbin diameter of 50 mm, a coil outer diameter of 111 
mm, and a coil width of 12 mm. The housing 1 prepared has 
an outer size of 131 mm (long L) * 131 mm (wide W) * 17 mm 

20 (high H) , whereas its volume is 292 cm 3 . The dispersion 

compensator M has an accumulated chromatic dispersion of 
-600 ps/nm, a total dispersion slope of -1.63 ps/nm 2 , and 
an insertion loss of 3.9 dB. 
Sample 9 

25 The dispersion compensator M of Sample 9 employs a 

dispersion-compensating optical fiber of type No. 2 having 
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a length of 4.97 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
9, the dispersion-compensating optical fiber has a glass 
5 diameter of 125 pm and a coat diameter of 185 ]im. It has 

a bobbin diameter of 50 mm, a coil outer diameter of 150 
mm, and a coil width of 12 mm. The housing 1 prepared has 
an outer size of 170 mm (long L) x 170 mm (wide W) * 17 mm 
(high H) , whereas its volume is 491 cm 3 . The dispersion 
10 compensator M has an accumulated chromatic dispersion of 

-1200 ps/nm, a total dispersion slope of -3.25 ps/nm 2 , and 
an insertion loss of 5.9 dB. 
Sample 10 

The dispersion compensator M of Sample 10 employs a 
15 dispersion-compensating optical fiber of type No. 3 having 

a length of 0.25 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
10, the dispersion-compensating optical fiber has a glass 
20 diameter of 125 urn and a coat diameter of 185 urn. It has 

a bobbin diameter of 40 mm, a coil outer diameter of 51 mm, 
and a coil width of 12 mm. The housing 1 prepared has an 
outer size of 71 mm (long L) x 71 mm (wide W) x 17 mm (high 
H) , whereas its volume is 8 6 cm 3 . The dispersion compensator 
25 M has an accumulated chromatic dispersion of -80 ps/nm, a 

total dispersion slope of -0 . 15 ps/nm 2 , and an insertion loss 
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of 2.1 dB. 

Sample 11 

The dispersion compensator M of Sample 11 employs a 
dispersion-compensating optical fiber of type No. 3 having 
5 a length of 0.56 km. As in Sample 1, the optical fiber coil 

11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
11, the dispersion-compensating optical fiber has a glass 
diameter of 125 \im and a coat diameter of 185 \im. It has 

10 a bobbin diameter of 40 mm, a coil outer diameter of 62 mm, 

and a coil width of 12 mm. The housing 1 prepared has an 
outer size of 82 mm (long L) * 82 mm (wide W) * 17 mm (high 
H) , whereas its volume is 114 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -180 ps/nm, 

15 a total dispersion slope of -0.34 ps/nm 2 , and an insertion 

loss of 2.4 dB. 

Sample 12 

The dispersion compensator M of Sample 12 employs a 
dispersion-compensating optical fiber of type No. 3 having 

20 a length of 0.94 km. As in Sample 1, the optical fiber coil 

11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
12, the dispersion-compensating optical fiber has a glass 
diameter of 125 ]jm and a coat diameter of 185 pm. It has 

25 a bobbin diameter of 40 mm, a coil outer diameter of 73 mm, 

and a coil width of 12 mm. The housing 1 prepared has an 
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outer size of 93 mm (long L) x 93 mm (wide W) x 17 mm (high 
H) , whereas its volume is 147 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -300 ps/nm, 
a total dispersion slope of -0.56 ps/nm 2 , and an insertion 
5 loss of 2.7 dB. 

Sample 13 

The dispersion compensator M of Sample 13 employs a 
dispersion-compensating optical fiber of type No. 3 having 
a length of 1.88 km. As in Sample 1, the optical fiber coil 

10 11 is accommodated in the housing 1, and the resin 21 is 

cured, whereby the optical fiber coil 11 is held. In Sample 
13, the dispersion-compensating optical fiber has a glass 
diameter of 125 jam and a coat diameter of 185 jam. It has 
a bobbin diameter of 50 mm, a coil outer diameter of 100 

15 mm, and a coil width of 12 mm. The housing 1 prepared has 

an outer size of 120 mm (long L) x 120 mm (wide W) * 17 mm 
(high H) , whereas its volume is 245 cm 3 . The dispersion 
compensator M has an accumulated chromatic dispersion of 
-600 ps/nm, a total dispersion slope of -1.12 ps/nm 2 , and 

20 an insertion loss of 3.4 dB . 

Sample 14 

The dispersion compensator M of Sample 14 employs a 
dispersion-compensating optical fiber of type No. 3 having 
a length of 3.76 km. As in Sample 1, the optical fiber coil 
25 11 is accommodated in the housing 1, and the resin 21 is 

cured, whereby the optical fiber coil 11 is held. In Sample 
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14, the dispersion-compensating optical fiber has a glass 
diameter of 125 urn and a coat diameter of 185 pm. It has 
a bobbin diameter of 50 mm, a coil outer diameter of 132 
mm, and a coil width of 12 mm. The housing 1 prepared has 

5 an outer size of 152 mm (long L) x 152 mm (wide W) x 17 mm 

(high H) , whereas its volume is 393 cm 3 . The dispersion 
compensator M has an accumulated chromatic dispersion of 
-1200 ps/nm, a total dispersion slope of -2.23 ps/nm 2 , and 
an insertion loss of 4.9 dB . 

10 Sample 15 

The dispersion compensator M of Sample 15 employs a 
dispersion-compensating optical fiber of type No. 3 having 
a length of 3.76 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 

15 cured, whereby the optical fiber coil 11 is held. In Sample 

15, the dispersion-compensating optical fiber has a glass 
diameter of 90 ym and a coat diameter of 145 pm. It has a 
bobbin diameter of 40 mm, a coil outer diameter of 104 mm, 
and a coil width of 12 mm. The housing 1 prepared has an 

20 outer size of 124 mm (long L) x 124 mm (wide W) x 17 mm (high 

H) , whereas its volume is 261 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -1200 ps/nm, 
a total dispersion slope of -2.23 ps/nm 2 , and an insertion 
loss of 4.9 dB. 

25 Sample 16 

The dispersion compensator M of Sample 16 employs a 
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dispersion-compensating optical fiber of type No. 3 having 
a length of 3.76 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
5 16, the dispersion-compensating optical fiber has a glass 

diameter of 90 urn and a coat diameter of 145 ]im. It has a 
bobbin diameter of 40 mm, a coil outer diameter of 153 mm, 
and a coil width of 5 mm. The housing 1 prepared has an outer 
size of 173 mm (long L) * 173 mm (wide W) * 10 mm (high H) , 
10 whereas its volume is 299 cm 3 . The dispersion compensator 

M has an accumulated chromatic dispersion of -1200 ps/nm, 
a total dispersion slope of -2.23 ps/nm 2 , and an insertion 
loss of 4.9 dB. 

Sample 17 

15 The dispersion compensator M of Sample 17 employs a 

dispersion-compensating optical fiber of type No. 3 having 
a length of 0.25 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 

20 17, the dispersion-compensating optical fiber has a glass 

diameter of 125 urn and a coat diameter of 185 It has 

a bobbin diameter of 40 mm, a coil outer diameter of 56 mm, 
and a coil width of 5 mm. The housing 1 prepared has an outer 
size of 76 mm (long L) x 76 mm (wide W) * 10 mm (high H) , 

25 whereas its volume is 58 cm 3 . The dispersion compensator 

M has an accumulated chromatic dispersion of -80 ps/nm, a 
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total dispersion slope of -0 . 15 ps/nm 2 , and an insertion loss 
of 2.1 dB. 

Sample 18 

The dispersion compensator M of Sample 18 employs a 
dispersion-compensating optical fiber of type No. 4 having 
a length of 0.3 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
18, the dispersion-compensating optical fiber has a glass 
diameter of 125 \im and a coat diameter of 185 ym. It has 
a bobbin diameter of 58 mm, a coil outer diameter of 80 mm, 
and a coil width of 5 mm. The housing 1 prepared has an outer 
size of 100 mm (long L) x 105 mm (wide W) * 10 mm (high H) , 
whereas its volume is 105 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -100 ps/nm, 
a total dispersion slope of -0.177 ps/nm 2 , and an insertion 
loss of 0.53 dB. 
Sample 19 

The dispersion compensator M of Sample 19 employs a 
dispersion-compensating optical fiber of type No. 4 having 
a length of 0.91 km. As in Sample 1, the optical fiber coil 
11 is accommodated in the housing 1, and the resin 21 is 
cured, whereby the optical fiber coil 11 is held. In Sample 
19, the dispersion-compensating optical fiber has a glass 
diameter of 125 jam and a coat diameter of 185 jim. It has 
a bobbin diameter of 58 mm, a coil outer diameter of 85 mm, 
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and a coil width of 12 mm. The housing 1 prepared has an 
outer size of 100 mm (long L) x 105 mm (wide W) * 20 mm (high 
H) , whereas its volume is 210 cm 3 . The dispersion compensator 
M has an accumulated chromatic dispersion of -300 ps/nm, 
5 a total dispersion slope of -0.531 ps/nm 2 , and an insertion 

loss of 1.2 dB. 

As in the foregoing, the dispersion compensator M of 
each of Samples 1 to 19 employs a dispersion-compensating 
optical fiber having a relatively large absolute value of 
10 chromatic dispersion per unit length, i.e., a chromatic 

dispersion of -140 ps/nm/km or less, thereby realizing a 
very compact dispersion compensator M. 

As can be seen from Samples 1 to 19 to which the 
dispersion-compensating optical fiber having a cromatic 
15 dispersion of -140 ps/nm/km is applied, when an accumulated 

chromatic dispersion of -1200 ps/nm or more but less than 
-600 ps/nm as a dispersion characteristic at a wavelength 
of 1.55 vim is realized by the dispersion compensator M, the 
dispersion compensator M be constituted by a housing having 
20 a volume of 500 cm 3 or less, and exhibit an insertion loss 

of 5.9 dB or less at the wavelength of 1.55 |im. 

When an accumulated chromatic dispersion of -600 ps/nm 
or more but less than 0 ps/nm as a dispersion characteristic 
at a wavelength of 1.55 \im is realized by the dispersion 
2 5 compensator M, it is preferred that the dispersion 

compensator M be constituted by a housing having a volume 
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of 310 cm 3 or less, and exhibit an insertion loss of 3.9 dB 
or less at the wavelength of 1.55 ym. 

Also, when an accumulated chromatic dispersion of -300 
ps/nm or more but less than 0 ps/nm as a dispersion 
characteristic at a wavelength of 1.55 ]im is realized by 
the dispersion compensator M, it is preferred that the 
dispersion compensator M be constituted by a housing having 
a volume of 260 cm 3 or less, and exhibit an insertion loss 
of 3.5 dB or less, further 2 . 9 dB or less at the wavelength 
of 1.55 ym. 

When an accumulated chromatic dispersion of -180 ps/nm 
or more but less than 0 ps/nm as a dispersion characteristic 
at a wavelength of 1.55 ym is realized by the dispersion 
compensator M, it is preferred that the dispersion 
compensator M be constituted by a housing having a volume 
of 200 cm 3 or less, and exhibit an insertion loss of . 5 dB 
or less, further 2.4 dB or less at the wavelength of 1.55 
Vim. 

Furthermore, when an accumulated chromatic dispersion 
of -80 ps/nm or more but less than 0 ps/nm as a dispersion 
characteristic at a wavelength of 1.55 ym is realized by 
the dispersion compensator M, it is preferred that the 
dispersion compensator M be constituted by a housing having 
a volume of 140 cm 3 or less, and exhibit an insertion loss 
of 2.2 dB or less at the wavelength of 1.55 ym. 

Figs . llAand 11B are graphs into which the relationship 
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between the housing volume V (cm 3 ) and the accumulated 
chromatic dispersion AD (ps/nm) and the relationship between 
the insertion loss IL (dB) at the wavelength of 1.55 pm and 
the accumulated chromatic dispersion AD (ps/nm) are plotted. 
5 In Fig. 11A, the line L11A indicates an upper limit 

given by the relationship of the plotted samples 1 to 19, 
and the line L11A is represented as the following expression: 

V = -0.31 x AD + 120 . 

Therefore, in the dispersion compensator M, the housing 
10 volume V and the accumulated chromatic dispersion AD 

satisfies the following expression: 

V ^ -0.31 x AD + 120 . 

Similarly, in Fig. 11B, the line L11B also indicates 
an upper limit givenby the relationship of theplotted samples 
15 1 to 19, and the line LI IB is represented as the following 

expression: 

IL - -0.0033 x AD + 1.9 . 

Therefore, in the dispersion compensator M, the 
insertion loss IL and the accumulated chromatic dispersion 
20 AD satisfies the following expression: 

IL ^ -0.0033 x AD + 1.9 . 

Embodiments of the optical transmission system 
according to the present invention will now be explained 
with reference to Figs. 12A to 13B and 14. Figs. 12A and 
25 12B show respective configurations of a first embodiment 

of the optical transmission system according to the present 
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invention. Figs . 13Aand 13B show respective configurations 
of a second embodiment of the optical transmission system 
according to the present invention. Fig. 14 shows the 
configuration of a third embodiment of the optical 
5 transmission system according to the present invention. 

As shown in Fig. 12A, the optical transmission system 
51 according to the first embodiment comprises a transmitter 
53 for transmitting multiplexed signal light, a transmission 
optical fiber 55 through which the signal light propagates, 

10 a dispersion compensator M having the structure mentioned 

above (dispersion compensator according to the present 
invention) , and a receiver 57 for receiving the signal light. 
In the configuration of Fig. 12A, the dispersion compensator 
M is connectedbetween the transmitter 53 and the transmission 

15 optical fiber 55. The transmission optical fiber 55 has a 

length of 50 km or shorter, whereas the signal wavelength 
band is the 1 . 55-jim band. 

Due to such a configuration, in the optical transmission 
system 51, the chromatic dispersion of the transmission 

20 optical fiber 55 is canceled or compensated for by the 

dispersion compensator M, so that the absolute value of 
chromatic dispersion in the whole optical transmission line 
between the transmitter 53 and receiver 57 becomes smaller, 
whereby the waveform of signal light is effectively 

25 restrained from deteriorating. 

In the optical transmission system 51 according to the 
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first embodiment, the dispersion compensator M may be 
connected between the receiver 57 and the transmission 
optical fiber 55 as shown in Fig. 12B. Alternatively, the 
dispersion compensator M may be connected to an optical 
amplifier employing an erbium doped optical fiber or the 
like . 

The dispersion compensator M may be constituted by a 
plurality of dispersion compensating modules each having 
the structure mentioned above (shown in Figs. 1 to 6) . In 
the optical transmission system 51 according to the second 
embodiment, as shown in Fig. 13A, the dispersion compensator 
M may be constructed such that a plurality of dispersion 
compensating modules Ml to M3 are connected in series, so 
as to regulate chromatic dispersion values . When a plurality 
of dispersion compensating modules Ml to M3 are connected 
in series as such, the dispersion compensating modules Ml 
to M3 may have either identical or different chromatic 
dispersion values. A plurality of dispersion compensating 
modules Ml to M3 may be disposed on the receiver 57 side 
of the transmission optical fiber 55 as a matter of course. 

In the optical transmission system 51 according to the 
second embodiment, as shown in Fig. 13B, an optical 
demultiplexer 55a for separating multiplexed signal light 
into individual signal channels and an optical multiplexer 
55b for combining the individual signal channels of light 
are disposed on a signal light propagating line, whereas 
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a plurality of dispersion compensating modules Ml to Mn 
corresponding to the respective signal channels are disposed 
between the optical demultiplexer 55a and the optical 
multiplexer 55b, so as to construct the dispersion 
compensator M. Since the dispersion compensating modules 
Ml toMnare arranged in parallel as such, it willbe sufficient 
if the individual dispersion compensating modules compensate 
for their corresponding signal channels, whereby it is 
unnecessary for the dispersion compensating modules Ml to 
Mn to have a large dispersion slope. 

As shown in Fig. 14, the optical transmission system 
61 according to a third embodiment includes a plurality of 
transmitters 53 and a plurality of receivers 57, and further 
comprises an optical multiplexer 63 for combining a plurality 
of signal light components transmitted from the respective 
transmitters 53, and an optical demultiplexer 65 for 
separating thus multiplexed signal light into a plurality 
of signal light components. In this optical transmission 
system 61, though optical amplifiers 67 are connected to 
the upstream stage (on the transmitter 53 side) and downstream 
stage (on the receiver 57 side) of the transmission optical 
fiber 55, respectively, they may be connected to one or none 
of these stages as well. The signal wavelength band is the 
1 . 55-iam band in the optical transmission system 61 as well. 

The dispersion compensator according to the present 
invention is not restricted to the above-mentioned 
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embodiments . For example, the housing 1 may have a polygonal 
form without being restricted to the doughnut form (including 
a circular form) or square form (rectangular form) . 

Also, the dispersion compensator according to the 
5 present invention can attain a further compactness by 

improving the dispersion-compensating optical fiber 
employed therein. 

Fig. 15 is a table for explaining structures and various 
characteristics of optical fibers of types No. 5 to No . 11 

10 prepared as examples of the dispersion-compensating optical 

fiber (optical fiber according to the present invention) 
employable in the dispersion compensator according to the 
present invention. Each of the optical fibers of types No. 
5 to No. 11 has the triple cladding type refractive index 

15 profile shown in Figs. 9A and 9B. 

In the optical fiber of type No. 5 among the prepared 
optical fibers, the relative refractive index difference 
Al of the center core part 211 with reference to the third 
cladding part 214 is 2.4%, the relative refractive index 

20 difference A2 of the first cladding part 212 with reference 

to the third cladding part 214 is -0.6%, the relative 
refractive index difference A3 of the second cladding part 
213 with reference to the third cladding part 214 is 0.6%, 
the ratio Ra ( = a/c) of the outer diameter 2a of the center 

25 core part 211 to the outer diameter 2c of the second cladding 

part 213 is 0.30, and the Rb (= b/c) of the outer diameter 
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2b of the first cladding core part 212 to the outer diameter 
2c of the second cladding part 213 is 0 . 7 . The outer diameter 
2c of the second cladding part 213 in type No. 5 is 11.1 
jam. As characteristics at a wavelength of 1550 nm, type No. 
5 has a chromatic dispersion of -158 ps/nm/km, a dispersion 
slope of -0 .193 ps/nm 2 /km, and an effective area A eff of 16.4 
jam 2 . Further, type No. 5 has a cutoff wavelength of 1.372 
jam, whereas its maximum change of chromatic dispersion at 
the time when the outer diameter 2c of the second cladding 
part 213 fluctuates by ±2% is 8.6%. 

Here, as shown in Japanese Patent Application Laid-Open 
No. HE I 8-248251 (EP 0 724 171 A2 ) , the above-mentioned 
effective area A eff is given by the following expression: 



where E is the electric field accompanying the propagating 
light, and r is the radial distance from the center of the 
core region . 

In the optical fiber of type No. 6, the relative 
refractive index difference Al of the center core part 211 
with reference to the third cladding part 214 is 2.4%, the 
relative refractive index difference A2 of the first cladding 
part 212 with reference to the third cladding part 214 is 
-0.7%, the relative refractive index difference A3 of the 
second cladding part 213 with reference to the third cladding 
part 214 is 0.6%, the ratio Ra (= a/c) of the outer diameter 
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2a of the center core part 211 to the outer diameter 2c of 
the second cladding part 213 is 0,33, and the Rb (= b/c) 
of the outer diameter 2b of the first cladding core part 

212 to the outer diameter 2c of the second cladding part 

213 is 0.7. The outer diameter 2c of the second cladding 
part 213 in type No. 6 is 10.0 ym. As characteristics at 
a wavelength of 1550 nm, type No. 6 has a chromatic dispersion 
of -165 ps/nm/km, a dispersion slope of 0.117 ps/nm 2 /km, and 
an effective area Ae ff of 19.4 ym 2 . Further, type No. 6 has 
a cutoff wavelength of 1.218 ym, whereas its maximum change 
of chromatic dispersion at the time when the outer diameter 
2c of the second cladding part 213 fluctuates by ±2% is 4.2%. 

In the optical fiber of type No. 7, the relative 
refractive index difference Al of the center core part 211 
with reference to the third cladding part 214 is 2.7%, the 
relative refractive index difference A2 of the first cladding 
part 212 with reference to the third cladding part 214 is 
-0.5%, the relative refractive index difference A3 of the 
second cladding part 213 with reference to the third cladding 
part 214 is 0.6%, the ratio Ra (= a/c) of the outer diameter 
2a of the center core part 211 to the outer diameter 2c of 
the second cladding part 213 is 0.26, and the Rb (= b/c) 
of the outer diameter 2b of the first cladding core part 

212 to the outer diameter 2c of the second cladding part 

213 is 0.7. The outer diameter 2c of the second cladding 
part 213 in type No. 7 is 11.4 ym. As characteristics at 
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a wavelength of 1550 nm, type No . 7 has a chromatic dispersion 
of -184 ps/nm/km, a dispersion slope of -0.197 ps/nm 2 /km, 
and an effective area A eff of 15.7 urn 2 . Further, type No. 
7 has a cutoff wavelength of 1.438 ym, whereas its maximum 
5 change of chromatic dispersion at the time when the outer 

diameter 2c of the second cladding part 213 fluctuates by 
±2% is 8.2%. 

In the optical fiber of type No. 8, the relative 
refractive index difference Al of the center core part 211 

10 with reference to the third cladding part 214 is 2.7%, the 

relative refractive index difference A2 of the first cladding 
part 212 with reference to the third cladding part 214 is 
-0.7%, the relative refractive index difference A3 of the 
second cladding part 213 with reference to the third cladding 

15 part 214 is 0.6%, the ratio Ra (= a/c) of the outer diameter 

2a of the center core part 211 to the outer diameter 2c of 
the second cladding part 213 is 0.30, and the Rb (= b/c) 
of the outer diameter 2b of the first cladding core part 
212 to the outer diameter 2c of the second cladding part 

20 213 is 0.7. The outer diameter 2c of the second cladding 

part 213 in type No. 8 is 10.0 ym. As characteristics at 
a wavelength of 1550 nm, type No . 8 has a chromatic dispersion 
of -206 ps/nm/km, a dispersion slope of 0.091 ps/nm 2 /km, and 
an effective area Aeff of 17.9 ym 2 . Further, type No. 8 has 

25 a cutoff wavelength of 1.216 ym, whereas its maximum change 

of chromatic dispersion at the time when the outer diameter 
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2c of the second cladding part 213 fluctuates by ±2% is 5.2%. 

In the optical fiber of type No. 9, the relative 
refractive index difference Al of the center core part 211 
with reference to the third cladding part 214 is 3.0%, the 
5 relative refractive index difference A2 of the first cladding 

part 212 with reference to the third cladding part 214 is 
-0.5%, the relative refractive index difference A3 of the 
second cladding part 213 with reference to the third cladding 
part 214 is 0.6%, the ratio Ra (= a/c) of the outer diameter 
10 2a of the center core part 211 to the outer diameter 2c of 

the second cladding part 213 is 0.24, and the Rb (= b/c) 
of the outer diameter 2b of the first cladding core part 

212 to the outer diameter 2c of the second cladding part 

213 is 0.7. The outer diameter 2c of the second cladding 
15 part 213 in type No. 9 is 11.1 urn. As characteristics at 

a wavelength of 1550 nm, type No . 9 has a chromatic dispersion 
of -230 ps/nm/km, a dispersion slope of 0.120 ps/nm 2 /km, and 
an effective area A eff of 17.5 \im 2 . Further, type No. 9 has 
a cutoff wavelength of 1.400 ym, whereas its maximum change 

20 of chromatic dispersion at the time when the outer diameter 

2c of the second cladding part 213 fluctuates by ±2% is 4.7%. 

In the optical fiber of type No. 10, the relative 
refractive index difference Al of the center core part 211 
with reference to the third cladding part 214 is 3.0%, the 

25 relative refractive index difference A2 of the first cladding 

part 212 with reference to the third cladding part 214 is 
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-0.7%, the relative refractive index difference A3 of the 
second cladding part 213 with reference to the third cladding 
part 214 is 0.6%, the ratio Ra (= a/c) of the outer diameter- 
2a of the center core part 211 to the outer diameter 2c of 
5 the second cladding part 213 is 0.26, and the Rb (= b/c) 

of the outer diameter 2b of the first cladding core part 

212 to the outer diameter 2c of the second cladding part 

213 is 0.7. The outer diameter 2c of the second cladding 
part 213 in type No. 10 is 10.7 urn. As characteristics at 

10 a wavelength of 1550 nm, type No. 10 has a chromatic dispersion 

of -267 ps/nm/km, a dispersion slope of -0.378 ps/nm 2 /km, 
and an effective area A eff of 15.2 ym 2 . Further, type No. 
10 has a cutoff wavelength of 1.295 ym, whereas its maximum 
change of chromatic dispersion at the time when the outer 

15 diameter 2c of the second cladding part 213 fluctuates by 

±2% is 10.3%. 

In the optical fiber of type No. 11, the relative 
refractive index difference Al of the center core part 211 
with reference to the third cladding part 214 is 3.1%, the 

20 relative refractive index difference A2 of the first cladding 

part 212 with reference to the third cladding part 214 is 
-0.74%, the relative refractive index difference A3 of the 
second cladding part 213 with reference to the third cladding 
part 214 is 0.32%, the ratio Ra (= a/c) of the outer diameter 

25 2a of the center core part 211 to the outer diameter 2c of 

the second cladding part 213 is 0.19, and the Rb (= b/c) 
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of the outer diameter 2b of the first cladding core part 

212 to the outer diameter 2c of the second cladding part 

213 is 0.44. The outer diameter 2c of the second cladding 
part 213 in type No. 11 is 14.7 ym. As characteristics at 

5 a wavelength of 1550 nm, type No . 11 has a chromatic dispersion 

of -321 ps/nm/km, a dispersion slope of -0.132 ps/nm 2 /km, 
and an effective area A eff of 16.6 ym 2 . Further, type No. 
11 has a cutoff wavelength of 1.706 ym, whereas its maximum 
change of chromatic dispersion at the time when the outer 

10 diameter 2c of the second cladding part 213 fluctuates by 

±2% is 10.8%. 

Fig. 16 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the 
above-mentioned type No . 5. In particular , this graph shows 

15 relationships between the chromatic dispersion and 

dispersion slope obtained when 2c is changed while fixing 
Al, A2, and A3 to 2.4%, -0.6%, and 0.6%, respectively, and 
Ra, Rb, bending loss, and cutoff wavelength to their 
predetermined values. In Fig. 16, curve G1510 shows the 

20 relationship between chromatic dispersion and dispersion 

slope obtained when Ra and Rb are fixed at 0.26 and 0.70, 
respectively; curve G1520 shows the relationship between 
chromatic dispersion and dispersion slope obtained when Ra 
and Rb are fixed at 0.27 and 0.70, respectively; curve G1530 

25 shows the relationship between chromatic dispersion and 

dispersion slope obtained when Ra and Rb are fixed at 0.28 
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and 0.70, respectively; curve G1540 shows the relationship 
between chromatic dispersion and dispersion slope obtained 
when Ra and Rb are fixed at 0.30 and 0.70, respectively; 
curve G1550 shows the relationship between chromatic 
5 dispersion and dispersion slope obtained when the bending 

loss at a diameter of 40 mm is fixed at 0.01 dB/km; curve 
G1560 shows the relationship between chromatic dispersion 
and dispersion slope obtained when the bending loss at a 
diameter of 60 mm is fixed at 0.01 dB/km; and curve G1570 
10 shows the relationship between chromatic dispersion and 

dispersion slope obtained when the cutoff wavelength is fixed 
at 1550 nm. 

In Fig. 16, hatched area Al is a region indicating the 
optimal conditions for optical fibers employable in the 
15 dispersion compensator according to the present invention. 

It is seen that this area Al includes the above-mentioned 
type No. 5. 

Fig. 17 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the 

20 above-mentioned type No . 6. In particular , this graph shows 

relationships between the chromatic dispersion and 
dispersion slope obtained when 2c is changed while fixing 
Al, A2, and A3 to 2.4%, -0.7%, and 0.6%, respectively, and 
Ra, Rb, bending loss, and cutoff wavelength to their 

25 predetermined values. In Fig. 17, curve G1610 shows the 

relationship between chromatic dispersion and dispersion 
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slope obtained when Ra and Rb are fixed at 0.27 and 0.70, 
respectively; curve G1620 shows the relationship between 
chromatic dispersion and dispersion slope obtained when Ra 
and Rb are fixed at 0 . 28 and 0 . 70, respectively; curve G1630 
5 shows the relationship between chromatic dispersion and 

dispersion slope obtained when Ra and Rb are fixed at 0.30 
and 0.70, respectively; curve G1640 shows the relationship 
between chromatic dispersion and dispersion slope obtained 
when Ra and Rb are fixed at 0.33 and 0.70, respectively; 

10 curve G1650 shows the relationship between chromatic 

dispersion and dispersion slope obtained when the bending 
loss at a diameter of 40 mm is fixed at 0.01 dB/km; curve 
G1660 shows the relationship between chromatic dispersion 
and dispersion slope obtained when the bending loss at a 

15 diameter of 60 mm is fixed at 0.01 dB/km; and curve G1670 

shows the relationship between chromatic dispersion and 
dispersion slope obtained when the cutoff wavelength is fixed 
at 1550 nm. 

In Fig. 17, hatched area A2 is a region indicating the 
20 optimal conditions for optical fibers employable in the 

dispersion compensator according to the present invention. 
It is seen that this area A2 includes the above-mentioned 
type No. 6. 

Fig. 18 is a graph showing relationships between the 
25 chromatic dispersion and dispersion slope in the 

above-mentioned type No. 7. In particular , this graph shows 
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relationships between the chromatic dispersion and 
dispersion slope obtained when 2c is changed while fixing 
Al, A2, and A3 to 2.7%, -0.5%, and 0.6%, respectively, and 
Ra, Rb, bending loss, and cutoff wavelength to their 
5 predetermined values. In Fig. 18, curve G1710 shows the 

relationship between chromatic dispersion and dispersion 
slope obtained when Ra and Rb are fixed at 0.22 and 0.70, 
respectively; curve G1720 shows the relationship between 
chromatic dispersion and dispersion slope obtained when Ra 
10 and Rb are fixed at 0.24 and 0.70, respectively; curve G1730 

shows the relationship between chromatic dispersion and 
dispersion slope obtained when Ra and Rb are fixed at 0.2 6 
and 0.70, respectively; curve G1740 shows the relationship 
between chromatic dispersion and dispersion slope obtained 
15 when Ra and Rb are fixed at 0.29 and 0.70, respectively; 

curve G1750 shows the relationship between chromatic 
dispersion and dispersion slope obtained when the bending 
loss at a diameter of 40 mm is fixed at 0.01 dB/km; curve 
G1760 shows the relationship between chromatic dispersion 
20 and dispersion slope obtained when the bending loss at a 

diameter of 60 mm is fixed at 0.01 dB/km; and curve G1770 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when the cutoff wavelength is fixed 
at 1550 nm. 

25 In Fig. 18, hatched area A3 is a region indicating the 

optimal conditions for optical fibers employable in the 
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dispersion compensator according to the present invention. 
It is seen that this area A3 includes the above-mentioned 
type No . 7 . 

Fig. 19 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the 
above-mentioned type No . 8 . In particular, this graph shows 
relationships between the chromatic dispersion and 
dispersion slope obtained when 2c is changed while fixing 
Al, A2, and A3 to 2.7%, -0.7%, and 0.6%, respectively, and 
Ra, Rb, bending loss, and cutoff wavelength to their 
predetermined values. In Fig. 19, curve G1810 shows the 
relationship between chromatic dispersion and dispersion 
slope obtained when Ra and Rb are fixed at 0.26 and 0.70, 
respectively; curve G1820 shows the relationship between 
chromatic dispersion and dispersion slope obtained when Ra 
and Rb are fixed at 0 . 28 and 0 . 70, respectively; curve G1830 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when Ra and Rb are fixed at 0.30 
and 0.70, respectively; curve G1840 shows the relationship 
between chromatic dispersion and dispersion slope obtained 
when Ra and Rb are fixed at 0.33 and 0.70, respectively; 
curve G1850 shows the relationship between chromatic 
dispersion and dispersion slope obtained when the bending 
loss at a diameter of 40 mm is fixed at 0.01 dB/km; curve 
G1860 shows the relationship between chromatic dispersion 
and dispersion slope obtained when the bending loss at a 
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diameter of 60 mm is fixed at 0.01 dB/km; and curve G1870 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when the cutoff wavelength is fixed 
at 1550 nm. 

5 In Fig. 19, hatched area A4 is a region indicating the 

optimal conditions for optical fibers employable in the 
dispersion compensator according to the present invention. 
It is seen that this area A4 includes various characteristics 
of the above-mentioned type No. 8. 

10 Fig. 20 is a graph showing relationships between the 

chromatic dispersion and dispersion slope in the 
above-mentioned type No. 9. In particular , this graph shows 
relationships between the chromatic dispersion and 
dispersion slope obtained when 2c is changed while fixing 

15 Al, A2, and A3 to 3.0%, -0.5%, and 0.6%, respectively, and 

Ra, Rb, bending loss, and cutoff wavelength to their 
predetermined values. In Fig. 20, curve G1910 shows the 
relationship between chromatic dispersion and dispersion 
slope obtained when Ra and Rb are fixed at 0.22 and 0.70, 

20 respectively; curve G1920 shows the relationship between 

chromatic dispersion and dispersion slope obtained when Ra 
and Rb are fixed at 0 . 24 and 0 . 70, respectively; curve G1930 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when Ra and Rb are fixed at 0.26 

25 and 0.70, respectively; curve G1940 shows the relationship 

between chromatic dispersion and dispersion slope obtained 
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when Ra and Rb are fixed at 0.30 and 0.70, respectively; 
curve G1950 shows the relationship between chromatic 
dispersion and dispersion slope obtained when the bending 
loss at a diameter of 40 mm is fixed at 0.01 dB/km; curve 
G1960 shows the relationship between chromatic dispersion 
and dispersion slope obtained when the bending loss at a 
diameter of 60 mm is fixed at 0.01 dB/km; and curve G1970 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when the cutoff wavelength is fixed 
at 1550 run. 

In Fig. 20, hatched area A5 is a region indicating the 
optimal conditions for optical fibers employable in the 
dispersion compensator according to the present invention. 
It is seen that this area A5 includes various characteristics 
of the above-mentioned type No. 9. 

Fig. 21 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the 
above-mentioned type No. 10. Inparticular , this graph shows 
relationships between the chromatic dispersion and 
dispersion slope obtained when 2c is changed while fixing 
Al, A2, and A3 to 3.0%, -0.7%, and 0.6%, respectively, and 
Ra, Rb, bending loss, and cutoff wavelength to their 
predetermined values. In Fig. 21, curve G2010 shows the 
relationship between chromatic dispersion and dispersion 
slope obtained when Ra and Rb are fixed at 0.2 6 and 0.7 0, 
respectively; curve G2020 shows the relationship between 
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chromatic dispersion and dispersion slope obtained when Ra 
and Rb are fixed at 0.28 and 0.70, respectively; curve G2030 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when Ra and Rb are fixed at 0.30 
and 0.70, respectively; curve G2040 shows the relationship 
between chromatic dispersion and dispersion slope obtained 
when Ra and Rb are fixed at 0.32 and 0.70, respectively; 
curve G2 050 shows the relationship between chromatic 
dispersion and dispersion slope obtained when the bending 
loss at a diameter of 40 mm is fixed at 0.01 dB/km; curve 
G2060 shows the relationship between chromatic dispersion 
and dispersion slope obtained when the bending loss at a 
diameter of 60 mm is fixed at 0.01 dB/km; and curve G2070 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when the cutoff wavelength is fixed 
at 1550 nm. 

In Fig. 21, hatched area A6 is a region indicating the 
optimal conditions for optical fibers employable in the 
dispersion compensator according to the present invention. 
It is seen that this area A6 includes various characteristics 
of the above-mentioned type No. 10. 

Fig. 22 is a graph showing relationships between the 
chromatic dispersion and dispersion slope in the 
above-mentioned type No. 11. Inparticular , this graph shows 
relationships between the chromatic dispersion and 
dispersion slope obtained when 2c is changed while fixing 
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Al, A2, and A3 to 3.1%, -0.74%, and 0.32%, respectively, 
and Ra, Rb, bending loss, and cutoff wavelength to their 
predetermined values. In Fig. 22, curve G2110 shows the 
relationship between chromatic dispersion and dispersion 
slope obtained when Ra and Rb are fixed at 0.18 and 0.44, 
respectively; curve G2120 shows the relationship between 
chromatic dispersion and dispersion slope obtained when Ra 
and Rb are fixed at 0.19 and 0.44, respectively; curve G2130 
shows the relationship between chromatic dispersion and 
dispersion slope obtained when Ra and Rb are fixed at 0.20 
and 0.44, respectively; curve G2140 shows the relationship 
between chromatic dispersion and dispersion slope obtained 
when Ra and Rb are fixed at 0.22 and 0.44, respectively; 
and curve G2150 shows the relationship between chromatic 
dispersion and dispersion slope obtained when the bending 
loss at a diameter of 40 mm is fixed at 0.01 dB/km. 

In Fig. 22, hatched area A7 is a region indicating the 
optimal conditions for optical fibers employable in the 
dispersion compensator according to the present invention. 
It is seen that this area A7 includes various characteristics 
of the above-mentioned type No. 11. 

The inventors have verified that a dispersion 
compensator having an accumulated chromatic dispersion of 
-390 to 0 ps/nm at a wavelength of 1.55 pm and an outer size 
of 110 mm x HO mm x 18 mm (long L x wide W x high H) can 
be obtained when the above-mentioned types No. 5 to No . 11 
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are employed in the dispersion compensator according to the 
present invention, whereas an accumulated chromatic 
dispersion of -640 to 0 ps/nm at a wavelength of 1.55 ym 
and an outer size of 110 mm x 110 mm x 18 mm (long L x wide 
5 W x high H) can be obtained when a dispersion-compensating 

optical fiber having a coating layer with an outer diameter 
of 145 pm or less is employed. The inventors have also 
verified that a dispersion compensator having an accumulated 
chromatic dispersion of -270 to 0 ps/nm at a wavelength of 

10 1.55 \im and an outer size of 110 mm x HO mm x 14 mm (long 

L x wide W x high H) can be obtained when the above-mentioned 
types No. 5 to No. 11 are employed in the dispersion compensator , 
whereas an accumulated chromatic dispersion of -440 to 0 
ps/nm at a wavelength of 1.55 \im and an outer size of 110 

15 mm x HO mm x 14 mm (long L x wide W x high H) can be obtained 

when a dispersion-compensating optical fiber having a coating 
layer with an outer diameter of 145 \xm or less is employed, 
thus achieving a further compactness. 

As explained in the foregoing, the present invention 

20 is effective in that a compact dispersion compensator, an 

optical transmission system including the same, and an 
optical fiber which can make the dispersion compensator 
further compact are obtained. 

From the invention thus described, it will be obvious 

25 that the embodiments of the invention may be varied in many 

ways . Such variations are not to be regarded as a departure 
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from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended for inclusion within the scope of the following 
claims . 
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